Abstract Three-factors Box-Behnken design of response surface methodology (RSM) was used to optimize chitosan level (1.5, 2.0, 2.5 %w/v), glycerol level (0.5, 0.75, 1.0 %w/v) and drying temperature (35, 40, 45°C) for the development of chitosan based edible films. The optimization was done on the basis of different responses viz. thickness, moisture, solubility, colour profile (L*, a*, b* value), penetrability, density, transmittance and water vapor transmission rate (WVTR). The linear effect of chitosan was significant (p<0.05) on all the responses. However, density was only significantly (p<0.05) affected by glycerol in a negative linear fashion. Drying temperature also significantly (p<0.05) affected thickness, penetrability, transmittance and WVTR in linear terms. The quadratic regression coefficient of chitosan showed a significant effect (p<0.05) on moisture, solubility and WVTR; glycerol level on moisture, L* value and transmittance; and drying temperature on a* value, penetrability, transmittance and WVTR. The effect of interaction of glycerol x temperature as well as chitosan x temperature was also significant (p<0.05) on a* value and WVTR of edible films. The optimized conditions were: 2.0 % w/v chitosan level, 0.75 % w/v glycerol level and drying temperature 40°C at a constant time of 48 h. All the response variables were in favourable range including thickness; 108.59 mμ, penetrability; 16.41 N, transmittance; 75.60 %, WVTR; 0.00174 g/m 2 -t for the optimized edible film. Results concluded that edible films with desirable bio-mechanical properties can be successfully developed and effectively utilized in the food packaging industry.
Introduction
The continuously increasing interest of consumers in the quality, convenience and safety of food has encouraged research into edible films. An edible film is a thin, continuous layer of edible material formed or placed on or between foods or food components (Bravin et al. 2006) . The application of edible films permit very diverse objectives such as the control of moisture loss, microbial growth, preservation of the structural integrity of the product or gradual release of antioxidant and antimicrobials into the food and food products (Arvanitoyannis et al. 1996) . Edible and biodegradable films are always not meant for total replacement of the synthetic packaging films (Krochta and Johnston 1997) . The most commonly occurring and applied natural polymers include polysaccharides (starch, cellulose and its derivatives, chitosan, alginate, gellan gum), proteins (collagen, zein, soybean and gluten proteins, milk proteins) and fats (bee wax, candelilla wax, carnauba wax, fatty acids, glycerols) (Donhowe and Fennema 1993; Park et al. 1994; Nussinovitch and Hershko 1996; Ayranci and Tunc 1997; Xie et al. 2002; Pommet et al. 2003; Bravin et al. 2006; Casariego et al. 2008 and SaucedoPompa et al. 2009 ). Films prepared with these polymers, are generally biodegradable, nontoxic, and some of them are effective barriers to oxygen and carbon dioxide. Edible films made from carbohydrates generally exhibit lower moisture barriers due to their hydrophilicity (Hiemenz and Rajagopalan 1997) . Moreover, there is a growing interest to develop newer packaging materials with antimicrobial properties to prevent microbial deteriorative changes in foods. Various materials were explored and chitosan is considered as interesting film forming material (Dutta et al. 2009 ).
Chitosan is a natural polymer consisting of (1,4)-linked 2-amino-deoxy-b-D-glucan, deacetylated derivative of chitin, which is the major constituent of the exoskeleton of crustaceans and is the second most abundant polysaccharide found in nature after cellulose. Chitosan has been found to be nontoxic, biodegradable, biofunctional, biocompatible in addition to having antimicrobial characteristics (Darmadji and Izumimoto 1994; Jayakumar et al. 2007 ). In addition, chitosan is an excellent edible film component due to its film-forming capacity and good mechanical properties and can form transparent films, which can fulfill various packaging needs (Srinivasa et al. 2002) . As compared with other bio-based food packaging materials, chitosan-based films have also been claimed as effective carriers of many functional ingredients, such as antimicrobial agents and antioxidants to extend storage quality of food (Tripathi et al. 2008 , Pranoto et al. 2005 , Park and Zhao 2004 . Chitosan films can be prepared by cross-linking with agylcone geniposidic acid (Mi et al. 2006) , ternary chitosanglucomann-nisin (Li et al. 2006) , blending of ferulic acid incorporated starch chitosan (Mathew and Abraham 2008) , incorporation of garlic oil, potassium sorbate and nisin (Pranoto et al. 2005) , chitosan-potato starch film using microwave treatment (Tripathi et al. 2008) , starch/chitosan blend film under the action of irradiation (Zhai et al. 2004 ) and water soluble chitosan and amylose film (Suzuki et al. 2005) etc. However, chitosan films are rigid and need plasticizers to diminish film fragility and increase film flexibility and manageability. These plasticizers reduce the intermolecular forces and increase mobility of polymer chains, thereby improving flexibility and extensibility of the film however, plasticizers generally increase water vapour and solute permeability of the film (Sobral et al. 2001) . Therefore, the incorporation of plasticizers in the formulation of the film improve mechanical properties and maintain them during longer storage period. (Srinivasa et al. 2007; Kerch and Korkhov 2011) .
Response surface methodology is a set of statistical techniques, designing experiments, for building models, searching the optimum conditions and evaluating the effects of factors (Manivannan and Rajasimman 2011) . This methodology presupposes the use of experimental design techniques to investigate and learn about the functional form of a process that involves factors or independent variables. Various authors have used this technique to developed the protein based film from lizard fish muscle (Saurida Undosquamis) (Wittaya and Sopanodora 2009) , standardization of the concentrations of chitosan and glycerol for coating Berangan banana (Musa sapientum cv. Berangan) (Malmiri et al. 2011) , standardization of the formulation and processing technology of whey protein films (Ozdemir and Floros 2001) and the interactive effects of glycerol and chitosan on tapioca starch-based edible film properties (Chillo et al. 2008) .
The goal of the present work was to prepare chitosan based films and to improve mechanical properties of the films by the addition of glycerol as plasticizers. This paper mainly focused on the influence of the effects of three different levels of chitosan, glycerol and drying temperature on response variables which are relevant for food packaging applications.
Materials and methods

Preparation of chitosan based edible films
Chitosan edible films were prepared by dissolving 1.5-2.5 % w/v of chitosan (Bio basic Canada Inc., Canada) level in a stirred mixture of 1 % (v/v) acetic acid (SDFCL, Mumbai India) aqueous solution containing 0.5-1.0 % w/v glycerol (Fisher Scientific Pvt. Ltd. Mumbai, India) as plasticizer by heating for 20 min at 90°C on hot plate magnetic stirrer (Macro Scientific Works, India). The above levels of chitosan, glycerol and drying temperature were selected on the basis of preliminary trials and on consultation with literature (Dutta et al. 2009; Rhim et al. 2006; Srinivasa et al. 2007; Hosseini et al. 2008) . Thereafter, the solution was filtered through a cheese cloth to remove undissolved material. These solutions (250 ml) were then casted on fiber glass plates (18×12 cm) and dried at 35-45°C for 48 h in an incubator (Macro Scientific Works, India). The dried films obtained were peeled off manually and stored in a humidity chamber at 50 % RH and 25°C and thereafter analysed for different responses viz. thickness, moisture content, solubility, L* value, a* value, b* value, penetrability, density, transmittance and water vapor transmission rate (WVTR). Box-Behnken experimental design was used in which a total of 17 different trials were conducted with three different levels of each of chitosan levels, glycerol levels and drying temperature with number of centre points 5 (2.0,0.75,40) as presented in Table 1 .
Processing parameters of chitosan films
Thickness
Film thickness was measured with an electronic digital micrometer (Forbes Gokak Ltd., Measuring Instrument, Aurangabad, Mumbai, India). The thickness was measured at five different points at center and on the sides covering the complete length of film and mean value was calculated.
Moisture content
The moisture content (MC) of films was determined as per the gravimetric method. Briefly, 500 mg of film was dried at 105±1ºC for 24 h (till the equilibrium weight was attained). The weight loss of the sample was determined and MC was calculated as the percentage of water removed from the system.
Water solubility
The water solubility of films was determined as the content of dry matter solubilized after 24 h of immersion in water. The films weighing 500 mg was immersed in 50 ml of water (at 23± 1°C) for 24 h of immersion with agitation at regular interval.
After that pieces of film were taken out and dried till constant weight achieved in a hot air oven at 105±1°C. Solubility (%) was calculated as, Solubility (%)=[(Wt. of initial dry film -Wt. of undissolved film)/Wt.of initial dry film]×100.
Colour profile analysis
Colour profile was measured using Lovibond Tintometer (Lovibond RT-300, Reflactance Tintometer, United Kingdom) set at 2°of cool white light (D 65 ) and known as L*, a*, and b* values. L* value denotes (brightness 100) or lightness (0), a* (+ redness/-greenness), b* (+ yellowness/-blueness) values were recorded on chitosan film kept in a plate. The instrument was calibrated using light trap (black hole) and white tile provided with the instrument. The instrument was directly put on the surface of three individual chitosan films and values displayed were noted.
Penetrability
Penetrability was determined by simulating the conditions to measure the force required to pierce the edible film. The probe used had a diameter of 5 mm and suitable sample size of edible film was subjected to run at 30 mm/min with a displacement of 20 mm and load cell of 100 N. Penetrability was calculated automatically by the preloaded software in the texture analyzer (TMS-PRO, Food Technology Corporation, USA) from the force-time plot.
Density
Density of the film was determined using a floatation method at 25°C using CCl 4 (1.5935 g/ml) and heptane (0.71 g/ml) as solvents. The film (1.5×1.5 cm) was immersed in 5 ml heptane taken in a small beaker. CCl 4 was taken in a burette and added drop wise to the beaker until the film floats in the middle of the solution and density of the film was calculated (Qurashi et al. 1992) as,
Where V 1 Volume of heptane in ml V 2 Volume of CCl 4 in ml d 1 Density of heptane in g/ml d 2 Density of CCl 4 in g/ml
Transmittance
Transmittance of chitosan films was determined by placing the film strips (3 cm×1 cm) in the cuvette containing water and was measured the percentage transmittance at fixed wavelength of 660 nm using UV-VIS spectrophotometer (Elico SL-159, Mumbai, India).
Water vapor transmission rate (WVTR)
Water vapor transmission rate was measured using a modified ASTM 96-00 method (ASTM 2000) . The film was sealed on a modified test cell containing 15 mL of distilled water. The test cell was then kept in a desiccator containing pre-dehydrated silica gel. Silica gels were dried at 180°C for 3 h for these measurements. The whole assembly was kept at 25°C and weight loss of the test cell was measured after storage for 24 h. WVTR of the film was calculated according to the equation, WVTR=ΔW/(Δt×A) where ΔW is the weight loss of test cell, Δt is the time of storage, and A is the area of exposed film.
Statistical analysis
Response surface methodology (RSM) using 3-factor-3-level Box-Behnken experimental design (Montgomery 2005, Box and Behnken 1960) with five replicates at the centre point was employed to develop predictive models for different responses. In this design, X 1 , X 2 and X 3 are the coded variables, which are related to uncoded variables in actual units linearly by the relation, Tables 1 and 2 . The data was analysed employing multiple regression technique to develop a response surface model. After conducting the runs, a second order polynomial of the following form was fitted to each response using the "Design Expert" software (Version 8.0.4.1, Stat-Ease, Inc., Minneapolis, USA) statistical package.
Where Y is the estimated response; β o is the constant coefficient, β i is the linear coefficient, β ii the quadratic coefficient and β ij the second order interaction coefficient. x i , x j are coded independent variables and ε is the error involved in estimating the coefficients β from the experimental data. After fitting the equation several targets of the responses were given through the software for achieving the best combination of variables which resulted in required product. Target values were given in the form of ranges of values of all the process variables and responses. All the models were tested for their adequacy using ANOVA technique. The F-values and R 2 values were computed for all the responses (Table 3) . Surface plots and equations were developed as a function of the variables on each response. The full second order model of the form was fitted to data and regression coefficients were computed the results of which are reported in Table 4 .
Results and discussion
Perusal of Table 3 revealed that for all the responses, F-values for the "model" were significant and that for "lack of fit" were non-significant (p<0.05) thereby confirming the validity of the models. Also these models adequately explained the variation of the responses with satisfactory R 2 values, which indicated that most variations well explained by different, models (Linear, 2FI or Quadratic).
Thickness
The following second order polynomial equation showed a relationship between the independent variables chitosan level (X 1 ), glycerol level (X 2 ) and drying temperature (X 3 ) and the dependent variable thickness as, Thickness ¼ 221:09þ 18:
From the above equation, it was seen that thickness was found to have 2FI relationship with the three variables. This shows that interaction of chitosan and glycerol (Table 3) . The "Predected R-Squared" of 0.9628 is in reasonable agreement with the "Adjusted R-Squared" of 0.9822 was explained by software. The R 2 value (0.9889), being a measure of the goodness of fit of the model, indicated that 98.89 % of the total variation was explained by the model (Table 3) . Whereas, adjusted R 2 value (0.9822) showed the significance of the model. Also low value of the coefficient of variation (1.32 %) indicated higher precision and reliability of the experiment. With the increase in chitosan level, there was increase in the thickness of films, but it was not affected by glycerol level (Fig. 1a and b) . Film thickness depends on the nature and composition of the films. These observations are in agreement with the views of Sebti et al. (2007) . The inference was drawn from the results that glycerol did not influence the film thickness. The effect of glycerol on the thickness is directed by the level of incorporation, which was less than 1.0 % in our study. The equation depicted that there were positive interactions between chitosan and glycerol level, glycerol and drying temperature whereas, negative interactions between chitosan level and drying temperature for film thickness. Hence, it can be predicted that film thickness is directed by concentration of chitosan and drying temperature. Figure 1 b and c displayed that there was decrease in thickness in a linear fashion. It might be due to more drying effect of temperature on chitosan films.
Moisture
Packaging films should maintain moisture levels within the packaged product. Therefore, the knowledge of moisture content and total soluble matter of the films is very important for food packaging applications (Leceta et al. 2013) . The amount of water present in films provide an indication of the hydrophobicity of the films, hence, the hydrophilic films have higher moisture content (Bourbon et al. 2011) . In the present study, it was found to fit with the three variables as perquadratic relationship. The best model equation for moisture was, Moisture ¼ 39:34 -35:
Chitosan content directed significantly (p<0.05) higher effect on moisture both in linear and quadratic terms. The effect of glycerol level (quadratic) on moisture was also significant (p<0.05) ( Table 3 ). The R 2 value (0.9864) indicated that 1.36 % of the total variation was not explained by the present model (Table 3 ). The Model F-value was significant and there is only a 0.01 % chance that it could occur due to noise. With the increase in chitosan level, moisture content decreased and thereafter increased after reaching to a certain minima and reverse was true with glycerol level (Fig. 2a, b and c). Bonilla et al. (2013) also postulated that positively charged chitosan chains have wide hydration layers with high retention of water molecules which take part in the film structure thus inhibiting the chain approximation and giving rise to thicker films. Fundo et al. (2008) observed that high chitosan/glycerol concentration solutions led to films with significantly (p<0.05) higher water content. This can be related with higher molecular entanglement and viscosity, which lead to higher retention of water molecules during drying of the films. Sobral et al. (2001) observed that the increase in the plasticizer concentration increases the moisture content of the film because of its high hygroscopic character, which also contributes to the reduction of the forcesbetween the adjacent macromolecules. There was non-significant increase in moisture content with the increase in temperature (Fig. 2c and b) . It might be due to interaction with chitosan and glycerol.
Solubility
Water solubility is an important property of edible films that gives indication of the film's water affinity (Bourbon et al. 2011) , for its applications in food protection, this property become significant when films come in contact with high moisture food products and food product with high water activity and during storage.
Solubility was found to have quadratic relationship with the three process variables as per the following equation,
Chitosan affected solubility significantly (p<0.05) both in linear and quadratic terms. The R 2 value indicated that regression model could explain 99.39 % of total variations (Table 3) . Furthermore, a very high degree of precision and a good deal of the reliability of the experiment was indicated by a low value of the coefficient of variation (CV=1.42 %). With the increase in glycerol level, there was an increase in the solubility of the films, however the solubility increased in a curvilinear fashion with the increase in chitosan level ( Fig. 3a and b) . It might be due to the presence of plasticizer, which decrease the polymer network interaction density and associated increase in solubility properties (Stuchell and Krochta 1994) . It might be due to the three hydrophilic hydroxyl groups present in glycerol that are responsible for its solubility in water (Chillo et al. 2008 ). Perusal of equation and Fig. 3b revealed that the solubility did not vary with the changes in temperature. However, on interaction with glycerol level, the increases in temperature lead to decrease in solubility (Fig. 3c) . Wittaya & Sopanodora 2009 also stated that increase in temperature leads to decrease in the solubility of films. Bourtoom (2008) reported that an increase of film solubility with increasing plasticizer concentration could be briefly explained by hydrophillic plasticizers enhancing film solubility in water. Packaging films have a significant influence on the appearance and consumer's acceptance of the products. Instrumental colour profile is of prime importance to determine the effect of films on the product appeal and consumer acceptability (Ramos et al. 2013 ). The following equation showed a quadratic relationship between the independent and dependent variable.
LÃ ¼ 3:83 þ 15:72X 1 -9:00X 2 -1:34X 3 þ 3:02X 1 X 2 -0:32X 1 X 3 -0:29X 2 X 3 þ 0:06 X The analysis of variance showed that chitosan (linearly) and chitosan x temperature interaction significantly (p < 0.05) affected L* value of the films. The quadratic effect of glycerol level on L* value was also significant (p <0.05). The R 2 value (0.8799), indicated that 87.99 % of the total variation was explained by the model (Table 3) . Adequate precision ratio (10.55), indicated adequate signal and was used to navigate the design space as suggested by the software. L* value always improved with the increase in chitosan level and temperature (Fig. 4a, b and c) however, it increased with the decrease in glycerol level (Fig. 4a Ramos et al. (2013) . They documented that increase in glycerol level in the formulation of whey protein concentrate films lead to increase in the reflection of light on the film surface, recorded higher L* values. The variation in the results can be attributed to the variation in the base material used for the development of film as chitosan and whey protein concentrate in later reference.
Redness (a*) value
Redness (a*) also showed quadratic relationship with independent variables as, affected a* value of films (Table 3 ). The R 2 value (0.9641), indicated that only 3.59 % of the total variation was not explained by the model (Table 3) . Chitosan always improved a* value of the films ( Fig. 5a and b) , but it varied with change in temperature and glycerol level (Fig. 5a, b and c) . Leceta et al. (2013) observed that there was a significant increases (p<0.05) in redness value a* value with the addition of glycerol. Therefore, the optimization of the glycerol level and drying temperature is very important to develop chitosan films with optimum redness for the packaging of fresh red and white meat.
Yellowness (b*) value Yellowness (b*) was found to have quadratic relationship with the three process variables as per the following equation, bÃ ¼ 28:11-0:71 X 1 -16:10 X 2 -0:69 X 3 þ 1:04 X 1 X 2 -0:05 X 1 X 3 þ 0:21 X 2 X 3 þ 0:43 X 2 1 þ 3:55 X 2 2 þ 7:98 Â 10
Chitosan (linear), glycerol x temperature and glycerol (quadratic terms), all significantly (p<0.05) influenced b* value of the films ( Table 3 ). The R 2 value (0.8386) indicated that 83.86 % of the total variation was explained by the model (Table 3) . With the variation in chitosan, glycerol and temperature, b* value initially showed a decrease and thereafter followed by an increasing trend (Fig. 6a, b and c) . Leceta et al. (2013) observed that yellowness value increased (p<0.05) with the addition of glycerol. It indicated that temperature had a significant influence on the structure of the films which in turn affect the crosslinking between amino groups in chitosan and reducing aldehyde carbonyl groups leading to a tighter structure, thus yellowish colour of the sample. Bourtoom (2008) also reported that increased yellowness occurred when higher plasticizers were used.
Penetrability
Penetrability is a measure of the resistance of the film to be punctured. When packed product has protuberances, film should show good biaxial mechanical properties in order to maintain integrity during their application and subsequent shipping and handling of food and food products (Bonilla et al. 2013; Leceta et al. 2013 ). The films with better penetrability strength are useful to pack the bone-in, cut-up-parts of meat animal carcass. In the present study, it was found to fit with the three variables as perquadratic relationship. The best model equation for penetrability was,
This shows that chitosan level (linear and quadratic effect), glycerol level (quadratic effect) and drying temperature (linear and quadratic effect) significantly (p<0.05) affected the penetrability of films (Table 3) . Furthermore, a very high degree of precision and a good deal of the reliability of the conducted experiment was indicated by a low value of the coefficient of variation (CV=0.57 %). D) for a* value. a Effect of glycerol and chitosan levels on a* of films. b Effect of temperature and chitosan levels on a* of films. c Effect of temperature and glycerol levels on a* of films only 0.27 % of the total variation was not explained by the model (Table 3) . With glycerol, chitosan and temperature; penetrability increased and thereafter decreased after reaching to certain maxima (Fig. 7a, b and c) . The ability of the plasticizer to expand chitosan chain facilitates mobility on the plane of the film. Leceta et al. (2013) studied that the addition of glycerol promotes chain mobility in the direction of the deformation, increasing puncture deformation values for films with higher glycerol content.
Density
Density was found to have linear relationship with the three independent variables as described by the following equation, (Table 3) . A low value of the coefficient of variation (0.23 %) indicated higher precision and reliability of the experiment. The R 2 value (0.9854), being a measure of the 'goodness' of fit of the model, indicated that 98.54 % of the total variation was explained by the model (Table 3) . Density showed positive linear relationship with chitosan, but negative linear relationship with glycerol and temperature (Table 4) ( Fig. 8a and b) . The density of a chitosan film decreases with the increase in concentration of a plasticizer (Srinivasa 2004) .
Transmittance
Transmittance indicates about light barrier properties of chitosan films. This property is important to prevent lipid oxidation induced by UV light in food system (Leceta et al. 2013; Ramos et al. 2013) . Hence, it is an important parameter to evaluate the efficacy of packaging films for foods (Leceta et al. 2013) .
Transmittance was found to have quadratic relationship with the three process variables as per the following equation, Transmittance ¼ 134:51-5:07X 1 -1:16X 2 -3:
This shows that chitosan level (linear and quadratic effect), glycerol (quadratic) and drying temperature (linear and quadratic effect) significantly (p<0.05) affected transmittance of films (Table 3) . Furthermore, a very high degree of precision and a good deal of the reliability of the conducted experiment was indicated by a low value of the coefficient of variation (CV=0.19 %). The R 2 value (0.9974), being a measure of the goodness of fit of the model, indicated that 99.74 % of the total variation was explained by the model (Table 3 ). Figure 9a , b and c exhibited that transmittance decreased with the level of chitosan however; it increased with glycerol and temperature. Yan et al. (2012) documented that the films containing 35 % glycerol had the highest light transmittance rate, whereas lowest with 30 % glycerol level. Bangyekan et al. (2006) 
Water vapour transmission rate (WVTR)
WVTR is the most extensively studied property of edible films mainly because of the importance of water in deteriorative reactions in foods and made to impede moisture transfer between food and surrounding atmosphere (Bajpai et al. 2011) . High WVTR of the edible film is not desirable with respect to its usage performance (Bangyekan et al. 2006) . It is a mass of water vapor transmitted through a unit area in a unit time under specified condition of temperature and humidity (ASTM 2005) .
The following equation showed a quadratic relationship between the independent uncoded variables X 1 , X 2 and X 3 and the dependent variable WVTR, WVTR ¼ 6:80 Â 10 (Table 3 ). The R 2 value (0.9895), being a measure of the goodness of fit of the model, indicated that 98.95 % of the total variation was explained by the model (Table 3) . WVTR initially varied with chitosan level and thereafter it decreased ( Fig. 10a and b) . The decrease in WVTR could be attributed to the formation of intermolecular hydrogen bonding between NH 3 + groups of the chitosan and hydroxyl groups of the glycerol. Xu et al. (2005) also observed the similar trend while working with corn starch and chitosan blend films. Li et al. (2006) documented that glucomannan-chitosan-nisin ternary antimicrobial films exhibited a decrease in WVTR with the increase of chitosan concentration. Figure 10b and c showed that there is an increase in WVTR with increase in temperature. Bajpai et al. (2011) stated that permeation of water vapour through films is enhanced with the increase in temperature. Our results are also agreement with the studies of Bonilla et al. (2013) . Perusal of (Fig. 10a) indicated that WVTR initially increase with glycerol, but later on decreased after reaching to a certain maxima. It could be due to increase in inter chain spacing due to inclusion of glycerol molecules between the polymer chain which may promote water vapor diffusability through the film and hence accelerate the water vapor transmission (Yang and Paulson 2000) . Gontard et al. (1993) stated that the increase of water vapor permeability might be related to the hydrophillicity of all tested plasticizers. It is well known that the presence of plasticizers increases the concentration of polar residues in hydrocolloid based film. Myllarinen et al. (2002) found that the WVTR of polysaccharide films were related to their thickness.
Optimization of process parameters
Responses were optimized individually in combination using Design expert software. In response surface analysis, the selected model was used to calculate the stationary point. A stationary point is a point at which the slope of the response surface is zeroed in all the directions. Since the optimum response for each variable were not all in exactly the same region in the space formed by the processing variables. So, constraints were set in the form of ranges (minimum and -t). a Effect of glycerol and chitosan levels on WVTR of films. b Effect of temperature and chitosan levels on WVTR of films. c Effect of temperature and glycerol levels on WVTR of films maximum values) for all the dependent and independent variables from Table 2 , in such a way that the selected chitosan level (%w/v), glycerol (%w/v) level and drying temperature (°C) were optimum for most important attributes and close to optimum for the others. These constraints were met in the region, where chitosan level was 2 % w/v, glycerol level was 0.75 % w/v and drying temperature was 40ºC. The desirability function to get optimum scores for different responses was fitted by the least square method. On the basis of ranges of these different responses, a total of 43 solutions were found out of which, the film with the above mentioned levels was having desirability of 1.0 and it was selected. Mean optimized values for thickness, moisture, solubility, L*, a*, b*, penetrability, density, transmittance and WVTR of chitosan based edible film were 108.59 mμ,14.77 %, 25.15 %, 44.74, 0.83, 7.15, 16 .41 N, 1.395 g/ml, 75.60 % and 0.00174 g/m 2 -t respectively as derived from the software.
Conclusions
Response surface methodology using Box-Behnken design was found to be an effective technique to optimize the process development of chitosan based edible film as a function of 2 % w/v chitosan level, 0.75 % w/v glycerol level and drying temperature of 40°C for 48 h. From the response surface plots the three independent variables were found to significantly influence all the response variables either independently or interactively. Chitosan level was found to be the most significant factor (p<0.05) in development of films. Using RSM the combined effect of three variables on the responses can be predicted which is difficult to achieve with conventional methods. Chitosan based edible films developed can be exploited by the food packaging industry for its use on commercial level.
